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Biomechanical Studies on the Pathogenesis of Cerebral 
Aneurysms and the Mechanism of Their Growth and Rupture 
Part I Structures and Mechanical Behaviors 
of Cerebral Arteries 
by 
Kouzo MoRIT AKE 
Department of Neurosurgery, Kyoto University Medical School 
(Director : Prof. Dr. HAJIME RANDA) 
The pathogenesis of human cerebral arterial aneurysms and the mechanism of 
their growth and rupture were studied from the standpoint of biomechanics. Mechan-
ical properties of cerebral arteries and their characteristics are discussed in this 
part on the basis of their structural observations. Part I isdivided into 3 topics as 
follows: 
1. Quantitative relationship between mechanical properties of arterial walls and their 
structural components 
Static mechanical behaviors of walls of four different arteries of dogs were examined 
through the change in external radius due to distending pressure. In order to determine 
the distensibility, distension ratio, (Ao)s, was defined as the ratio of external radius 
at each pressure, P, to that at the standard pressure of 100 mmHg, Ps. Quantitative 
relations were observed between the distension ratio and the relative pressure, P /Ps, 
and could be described in the following equation: ln(P/Ps) ={3 ((Ao)s-1), where {3 is a 
parameter representing the distensibility of vascular walls. Area fractions of each 
structural component occupied in the media were measured optically by means of a 
microphotometer. Mechanical properties were related to the histological observations 
by a linear relation between paramer, {3, and area fraction of elastin, Fe(o/o), or of 
collagen, Fc(o/o), as follows: {3=25.10 0.51F·~ and {3= 4.60+0.49Fc(o/o). These relations 
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are useful to estimate the deformability of vascular walls from their histology. 
2. Mechanical and histological characteristics of human cerebral arteries 
Distensibility of human arteries was studied in terms of the parameter, (3, which 
was obtained from the pressure-radius data. Arterial walls became stiffer with age, 
which corresponded to the increase in Fc and the decrease in area fraction of smooth 
muscle, Fm. An increasing wall stiffn巴sstowards the periphery was also found, 
although cer巴bralarteries were much stiffer than some other arteries of almost 
the same diameter. 
shortage of elastin. 
This distinctive feature of cerebral arteries was ascribed to the 
3. Microscopic structures at cerebral arterial bifurcations and at cerebral aneurysmal 
walls 
Microphotometric technique showed that much collagen was contained in intimal 
pads, which implies their high strength. If the medial defects at cerebral arterial 
bifurcations were covered with intimal pads, the vascular wall may be protected from 
the development of aneurysm. If not so, however, the apex with medial defect which 
consists of weak internal elastic lamina and thin adventitia will outpouch and result 
in an aneurysm. This hypothesis can be supported by the hemodynamic experiments 
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Fig. 2 Stained microstructures of thoracic aorta 
arkness 
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Fig. 3 An example of distribution of brightness 
and the method for the calculation of area 
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Fig. 4 Change in external radius due to distending pressure 




























Relat10ns between distension ratio and relative 
pressure m four kinds of canine arteries 
Fig. 5 
直線関係にあり，次の2つの一次式が成立した．
/1=26.10ー 0.51Fe (3) 
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Fig. 6 Area fractions of elastin. collagen and smooth 
muscle in four kinds of canine arteries. 
100 mmHg at radius External 
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Fig. 7 Relations between the parameter, ,S and area 
fractions of出 stinor collagen 
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Fig. 8 Changes in external radius due to internal pressure 
m four kinds of human arteries. 
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ヌの動脈と同様， Clo)sどP/Psの関係を片対数グラ 総頚動脈と脳底動脈の内圧試験の結果を Fig.10 に示
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Fig. 10 Change in distensibility in two kinds of 
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Fig. 11、tainedmicro,tructures and their distribution, of 
brightness in three extracranial arteries 
脳動脈溜の成固ならびに培大・破裂機序に関するバイオメカニクス的研究 97 
27 y.o. 














































































































Fig. 12 _;Stained mlcrostructures and their distributions of 
bri草htnessof cerebral arteries, 
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Table 1 Area fractions of each structural component in 
media of extracranial arter・ies
Arteries Age Sex i Fe (%) Fc (%) Fm (%) I Total(%) I Fc/Fe 
Common carotid 28 male 48.1 10.0 25.0 83.1 0.21 
(7-9mm in diameter) 32 male 76.4 15.7 0.21 
45 male 69.5 18.3 10.4 98.2 0.26 
50 female 74.5 20.0 10.0 104 0.27 
56 male 71.5 30.l 15.5 山！ 0.42 
Renal 28 male 12.2 29.1 22.5 63.8 2.39 
(3-4mm in diameter) 32 male 11.3 40.0 24.7 76.0 3.54 
45 male 12.4 34.4 35.3 82.1 2.77 
50 female 18.4 57.5 21.2 97.1 3.13 
56 male 13.0 41.7 31.0 85.7 3.21 
60 male 10.5 50.l 29.3 89.9 4.77 
Mesenteric 28 male 10.6 17.1 22.6 50.3 1.61 
(3 4mm in diameter) 32 male 12.1 27.6 32.6 72.3 2.28 
45 male 32.5 65.5 20.4 118. 2.02 
50 female 9.00 49.1 9.50 67.6 5.46 
56 male 13.9 38.6 26.3 78.8 2.78 
60 male 8.20 44.3 21.7 74.2 5.40 
Table 2 Area fractions of each structural component in 
media of cerebral arteries 
川~I Age Sex -
Basilar ' 




l:'e (%) Fc (%) Fm(%) , Total(%) I Fc/Fe 
4.0 12.5 37.5 54.0 3.13 
3.3 16.l 19.4 38.8 4.88 
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Fi~. 13 St斗inedmicrostructures and their distributions of brightness of intimal pads 
coverin~ medial defects at apex of cerebral arterial bifurcation 
11 























apex (or distal carina）あるいは lateralangle 
































Fig-. 14 Stained m1croolrudures and thci1 distribut10ns of brightness of intimal pads covenng 
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Fig 15 Stained microstructures and their distributions of brightness 









































































































































































































































の 11,~は Fig. 15 上段の組織写真ヒ濃度分布曲線からも




























23) ,34) ,37) ,39) ,40），また脳動脈癌笠の大部分を謬！京線維が
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